The ETHYLENE RESPONSE FACTOR (ERF) genes of Arabidopsis thaliana form a large 23 family encoding plant-specific transcription factors. Here, we characterise the four 24 phylogenetically closely related ERF102/ERF5, ERF103/ERF6, ERF104 and ERF105 25 genes. Expression analyses revealed that these four genes are similarly regulated by 26 different hormones and abiotic stresses. Analyses of tissue-specific expression using 27 promoter:GUS reporter lines revealed their predominant expression in root tissues 28 including the root meristem (ERF103), the quiescent center (ERF104) and the root 29 vasculature (all). All GFP-ERF fusion proteins were nuclear-localised. The analysis of 30 insertional mutants, amiRNA lines and 35S:ERF overexpressing transgenic lines 31 indicated that ERF102 to ERF105 have only a limited impact on regulating shoot and root 32 growth. Previous work had shown a role for ERF105 in the cold stress response. Here, 33 measurement of electrolyte leakage to determine leaf freezing tolerance and expression 34 analyses of cold-responsive genes revealed that the combined activity of ERF102 and 35 ERF103 is also required for a full cold acclimation response likely involving the CBF 36 regulon. Together, these results suggest a common function of these ERF genes in 37 regulating root architecture and the response to cold stress. 38 39
INTRODUCTION
8 For analysis of roots, plants were grown in vitro in vertically placed square petri dishes on 178 half strength MS medium containing 10 g L -1 phytagel. The elongation of the primary root was 179 determined from digital images between four and ten DAG using the software ImageJ 180 (Abràmoff, Magalhaes & Ram, 2004) . The number of lateral roots was determined ten DAG 181 from the same images. RNA analysis 188 Total RNA was extracted from tissues (seedlings in Fig. 2 ; leaves from six-week-old plants 189 in Figure 6 and Figure S3 ) using the NucleoSpin RNA Plant Kit (Macherey & Nagel, Düren, 190 Germany) according to the manufacturer's instructions, including an on-column DNase 191 digestion. As a control, quantitative real-time PCR (qRT-PCR) measurements using intron-192 specific primers for AT5G65080 were performed to confirm the absence of genomic DNA 193 contamination (Zuther, Schulz, Childs & Hincha, 2012) . For RT-PCR, 500 ng RNA were reverse 194 transcribed using the QIAGEN OneStep RT-PCR Kit according to the manufacturer's 195 information (Qiagen, Hilden, Germany). The sequences of primers were as follows: 196 5-TACAACGAGCTTCGTGTTGC-3;
Actin2-R, 5-GATTGATCCTCCGATCCAGA-3; the other branch of the phylogenetic tree ( Figure 1b ). (ERF102), 4.5-fold (ERF103), 6.5-fold (ERF104), and 8.5-fold (ERF105). After 2 h transcript 278 levels were increased further to about 5-fold (ERF102), 9-fold (ERF103), 10-fold (ERF104) and 279 12-fold (ERF105) compared to the initial level (Figure 2e ). Oxidative stress imposed by 12 treatment with the superoxide-generating herbicide paraquat showed a similar result ( Figure 2f ).
281
A fast transcriptional response of the ERF genes was also observed after drought stress that led 282 to an about 2-fold (ERF102 and ERF104), 3.5-fold (ERF103) and 5.5-fold (ERF105) 283 upregulation of transcript levels within 15 min, which were decreased again after 1 h 284 ( Figure 2g ). Salt stress (200 mM NaCl) also caused a rapid but transient upregulation of the 285 ERF genes up to about 6-7-fold for the ERF102, ERF103 and ERF105 genes ( Figure 2h ). Two 286 of the genes (ERF102, ERF105) also responded rapidly to mannitol application ( Figure 2i ).
287
Taken together, the four ERF genes showed similar, very rapid and often transient 288 transcriptional responses to different plant hormones, including an extraordinarily strong 289 induction by auxin, as well as rapid, strong and often comparable responses to different stress 290 treatments. Some individual response profiles such as stronger responses to heat by ERF104 291 and ERF105 or the lack of response to NaCl and mannitol by ERF104 were observed as well.
292
These partly similar stress response profiles would be consistent with overlapping functions in 293 response to these stresses. fluorescence in leaf cells showed that all three fusion proteins were predominantly located in the 334 nucleus, weaker signals were derived from the cytosol (Figure 4) . This pattern was similar to the 335 predominant nuclear localisation of GFP-ERF105 (Bolt et al., 2017) . Figure S1a ). RT-PCR analysis did not detect any expression of ERF102 in 343 erf102 plants, suggesting that it is a null allele ( Figure S1b ). The morphological phenotype of the 344 erf102 mutant described below ( Figure S2e 
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ERF102ox-1 ERF102ox-1 ERF102ox-2 ERF103ox-1 ERF103ox-2 ERF104ox-1 ERF104ox-2 ERF105ox-1 ERF105ox-2 erf105 35S:ami103-1 35S:ami103-2 35S:ami104-1 35S:ami104-2 *** *** *** *** *** *** *** -1 * * Figure 6 . Expression of selected cold-responsive genes in lines with reduced ERF102 to ERF105 expression. Relative expression of CBF1 (a), CBF2 (b), CBF3 (c), COR15A (d), COR15B (e) and ZAT12 (f) genes in lines with reduced ERF102 to ERF105 expression before (nonacclimated, NA) and after 14 days (acclimated, ACC14) of cold acclimation at 4 °C. Transcript levels of wild-type samples under non-acclimated conditions were set to 1 (n ≥ 4). Asterisks indicate significant differences to the respective wild-type condition (*, p < 0.05; **, p < 0.01; ***, p < 0.001). Electrolyte leakage assays on detached leaves of lines with mutations or reduced expression affecting single ERF genes (a) or several ERF genes (b) before (non-acclimated, NA) and after 14 days (acclimated, ACC14) of cold acclimation at 4 °C. The bars represent the means ± SE from four replicate measurements where each replicate comprised leaves from three plants. Asterisks indicate significant differences to the wild type (*, p < 0.05; **, p < 0.01; ***, p < 0.001).
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